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Abstrat
Neutrino mixing lead to a non zero ontribution to the osmologial
onstant. We onsider non renormalization 1/Mx interation term as a
perturbation of the neutrino mass matrix. We nd that for the degenerate
neutrino mass spetrum. We assume that the neutrino masses and mixing
arise through physis at a sale intermediate between Plank Sale and
the eletroweak sale. We also assume, above the eletroweak breaking
sale, neutrino masses are nearly degenerate and their mixing is bimax-
imal. Quantum gravitational (Plank sale )eets lead to an eetive
SU(2)L × U(1) invariant dimension-5 Lagrangian involving neutrino and
Higgs elds, whih gives rise to additional terms in neutrino mass ma-
trix. There additional term an be onsidered to be perturbation of the
GUT sale bi-maximal neutrino mass matrix. We assume that the gravi-
tational interation is avour blind and we study the neutrino mixing and
osmologial onstant due to physis above the GUT sale.
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1 Introdution
The problem of osmologial onstant is urrently one of the most hallenging
open issue in theortial physis and osmology. The main diulty omes from
the mis math between theortial and aepted number. Cosmology onstant
may arise from neutrino mixing [1℄. In this ase of neutrinos, osmologial
density reletated to the mixing and mass dierene among the dierent genera-
tions. Phenomenologial onsequenes of non-trival ondensate struture of the
avour vauum have been studied for neutrino osillations and Beta deay [2.3℄.
The nature of the osmology onstant Λ is one of the most intersting issues
in modern theortial physis ans osmology. Experimental data oming from
observation indiates that not only Λ is dierent from zero, Λ also dominates
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the universe dynamis driving an aelerated expansion [4,5℄. In this paper, we
study the neutrino mixing due to Plank sale and ontribution to osmologial
onstant. In Setion 2, we summarige the neutrino mixing due to Plank sale
eets. In Setion 3, we disuss the neutrino mixing and osmologial onstant
due to Plank sale eets. Setion 4 is devoted to the onlusions.
2 Neutrino Osillation Parameter due to Plank
Sale Eets
The neutrino mass matrix is assumed to be generated by the see saw mehanism
[6,7,8℄. We assume that the dominant part of neutrino mass matrix arise due to
GUT sale operators and the lead to bi-maximal mixing. The eetive gravita-
tional interation of neutrino with Higgs eld an be expressed as SU(2)L×U(1)
invarinat dimension-5 operator [8℄,
Lgrav =
λαβ
Mpl
(ψAαǫψC)C
−1
ab (ψBβǫBDψD) + h.c. (1)
Here and every where we use Greek indies α, β for the glavour states and
Latin indies i,j,k for the mass states. In the above equation ψα = (να, lα)is the
lepton doublet, φ = (φ+, φo)is the Higgs doublet and Mpl = 1.2 × 1019GeV is
the Plank mass λ is a 3× 3 matrix in a avour spae with eah elements O(1).
The Lorentz indies a, b = 1, 2, 3, 4 are ontrated with the harge onjugation
matrix C and the SU(2)L isospin indies A,B,C,D = 1, 2 are ontrated with
ǫ = iσ2, σm(m = 1, 2, 3)are the pauli matries. After spontaneous eletroweak
symmetery breaking the lagrangian in eq(1) generated additional term of neu-
trino mass matrix
Lmass =
v2
Mpl
λαβναC
−1νβ, (2)
where v = 174GeV is the V EV of eletroweak symmetri breaking. We
assume that the gravitational interation isavour blind that is λαβ is inde-
pendant of α, βindies. Thus the Plank sale ontibution to the neutrino mass
matrix is
µλ = µ


1 1 1
1 1 1
1 1 1

 , (3)
where the sale µ is
µ =
v2
Mpl
= 2.5× 10−6eV. (4)
We take eq(3) as perturbation to the main part of the neutrino mass matrix,
that is generated by GUT dynamis. To alulate the eets of perturbation
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on neutrino observables. The alulation developed in an earlier paper [8℄. A
natural assumption is that unperturbed (0th order mass matrix) M is given by
M = U∗diag(Mi)U
†, (5)
where, Uαi is the usual mixing matrix and Mi , the neutrino masses is
generated by Grand unied theory. Most of the parameter related to neutrino
osillation are known, the major expetation is given by the mixing elements
Ue3. We adopt the usual parametrization.
|Ue2|
|Ue1| = tanθ12, (6)
|Uµ3|
|Uτ3| = tanθ23, (7)
|Ue3| = sinθ13. (8)
In term of the above mixing angles, the mixing matrix is
U = diag(eif1, eif2, eif3)R(θ23)∆R(θ13)∆
∗R(θ12)diag(e
ia1, eia2, 1). (9)
The matrix ∆ = diag(e
1δ
2 , 1, e
−iδ
2
) ontains the Dira phase. This leads to
CP violation in neutrino osillation a1 and a2 are the so alled Majoring phase,
whih eets the neutrino less double beta deay. f1, f2 and f3 are usually
absorbed as a part of the denition of the harge lepton eld. Plank sale
eets will add other ontribution to the mass matrix that gives the new mixing
matrix an be written as [8℄
U
′
= U(1 + iδθ),


Ue1 Ue2 Ue3
Uµ1 Uµ2 Uµ3
Uτ1 Uτ2 Uτ3


+ i


Ue2δθ
∗
12 + Ue3δθ
∗
23, Ue1δθ12 + Ue3δθ
∗
23, Ue1δθ13 + Ue3δθ
∗
23
Uµ2δθ
∗
12 + Uµ3δθ
∗
23, Uµ1δθ12 + Uµ3δθ
∗
23, Uµ1δθ13 + Uµ3δθ
∗
23
Uτ2δθ
∗
12 + Uτ3δθ
∗
23, Uτ1δθ12 + Uτ3δθ
∗
23, Uτ1δθ13 + Uτ3δθ
∗
23

 . (10)
Where δθ is a hermition matrix that is rst order in µ[8,9℄. The rst order
mass square dierene ∆M2ij = M
2
i −M2j ,get modied [8,9℄ as
∆M
′2
ij = ∆M
2
ij + 2(MiRe(mii)−MjRe(mjj), (11)
where
3
m = µU tλU,
µ =
v2
Mpl
= 2.5× 10−6eV.
The hange in the elements of the mixing matrix, whih we parametrized by
δθ[8,9℄, is given by
δθij =
iRe(mjj)(Mi +Mj)− Im(mjj)(Mi −Mj)
∆M
′2
ij
. (12)
The above equation determine only the o diagonal elements of matrix δθij .
The diagonal element of δθij an be set to zero by phase invariane. Using
Eq(10), we an alulate neutrino mixing angle due to Plank sale eets,
|U ′e2|
|U ′e1|
= tanθ
′
12, (13)
|U ′µ3|
|U ′τ3|
= tanθ
′
23, (14)
|U ′e3| = sinθ.
′
13 (15)
For degenerate neutrinos, M3 − M1 ∼= M3 − M2 ≫ M2 − M1, beause
∆31 ∼= ∆32 ≫ ∆21. Thus, from the above set of equations, we see that U ′e1
and U
′
e2 are muh larger than U
′
e3, U
′
µ3 and U
′
τ3. Hene we an expet muh
larger hange in θ12 ompared to θ13 and θ23 [10]. As one an see from the
above expression of mixing angle due to Plank sale eets, depends on new
ontribution of mixing U
′
= U(1 + iδθ).
3 Neutrino Mixing and Cosmologial Constant
Due to Plank Sale Eets
The onnetion between the vauum energy density < ρvac >and the osmology
onstant Λ is provided by the well known relation
< ρvac >=
Λ
4πG
, (16)
where G is the gravitational onstant.
The expression of vauum energy density < ρmixvac > due to neutrino mixing
is given by [11,12,13℄
< ρmixvac >= 32π
2sin2θ12

dkK2(ωk,1 + ωk,2)|Vk|2, (17)
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If we hose K ≫ √m1m2 , we obtain
< ρmixvac >=∝ sin2θ12(m2 −m1)2K2
k

0
dkk2(ωk,1 + ωk,2)|VK |2, (18)
For hierarhial neutrino model, for whih m2 > m1, wehave in this ase
K ≫ √m1m2 and take into aount the asymptoti properties of Vk
|Vk|2 ≃ (m2 −m1)
2
4K2
, K ≫ √m1m2
.
We get
< ρmixvac >=∝ sin2θ12(m22 −m21) ∝
Λ
4πG
, (19)
The new osmologial onstant Λ due to Plank sale eets is given by
Λ
′
=∝ sin2θ′12(m22 −m21), (20)
where θ
′
12 is given by eq(13)
We onsdier the Plank sale eets on neutrino mixing and we get the given
range of mixing parameter of MNS matrix
U
′
= R(θ23 + ǫ3)Uphase(δ)R(θ13 + ǫ2)R(θ12 + ǫ1). (21)
In Plank sale, only θ12(ǫ1 = ±3o)have resonable deviation and θ23, θ13
deviation is very small less than 0.3o[10℄. In the new mixing at Plank sale we
get he osmologial density
Λ
′
=∝ sin2(θ12 ± ǫ1)(m
′
2
2 −m2′1), (22)
The presene of a osmologial onstant uid has to be omptible with the
struture formation, allow to set the upper bound Λ < 10−56cm−2[14]. Due to
Plank sale eets mixing angle θ12 deviated the osmologial onstant Λ.
4 Conlusions
We assume that the main part of neutrino masses and mixing from GUT sale
operator. We onsidered these to be 0th order quanties. We further assume
that GUT sale symmetery onstrain the neutrino mixing angles to be bimax-
imal. THe gravitational interation of lepton eld with S.M Higgs eld give
rise to a SU(2)L × U(1) invirant dimension-5 eetive lagragian give originally
by Wenberg [15℄. On eletroweak symmetery breaking this operators leads to
additional mass terms. We onsidred these to be perturbation of GUT sale
mass terms. We ompute the rst order orretion to neutrino mass eigen value
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and mixing angles. In [10℄, it was shown that the hange in θ13, θ23 is very
small (less then 0.3o)but the hange in θ12 an be substantial about ±3o.THe
hange in all the mixing angle are proportinal to the neutrino mass eigenvalues.
To maximizer the hange, we assumed degenerate neutrino mass 2.0eV . For
degenerate neutrino masses, the hange in θ13, θ23 are inversely propertional
to ∆21.Sine ∆31 ∼= ∆32 ≫ ∆21. the hange in θ12is muh larger than the
hange in other mixing angle. In this paper, we write the osmologial on-
stant above GUT sale in term of mixing angle for Majarona neutrinos, these
expression in eq(x) for vauum mixing. For Majarona neutrino, the expression
is Λ =∝ sin2θ′12(m22 −m21),. In this paper, nially we wish make a important
omment. Due to Plank sale eets mixing angle θ12deviated the osmologial
onstant Λ.
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